Abstract -Design is a central aspect of engineering and engineering education, but is challenging to teach and even more challenging to assess. In this special session participants co-construct an understanding of design and what aspects of design should be (and can be) assessed. Additionally, the special session will review the instrument development process (including the process of validating instruments) and will provide examples of existing instruments for assessing learners' understanding of design. These instruments measure a variety of topics and concepts related to design, have been designed for many different audiences and have been developed for different purposes. This session will equip educators with tools that are useful for assessing and promoting students' understanding of design. Additionally, this session may benefit educators and researchers interested in adopting or adapting design assessments for use with K-12 populations.
INTRODUCTION
This paper presents an overview of the themes discussed in the corresponding special session on assessing student learning of engineering design. The special session itself will be very interactive, where participants and the facilitators will co-construct an understanding of assessing engineering design. The paper provides background on the major issues-the content of engineering design, the assessment process, and previous work done specifically on assessing understanding of engineering design.
DESIGN
Design is a central and distinguishing activity of engineering [1] and one of the core criteria for evaluating and accrediting engineering programs [2] . Design is also a subject area that poses many challenges for faculty [3] , as the open-ended and ambiguous nature of design means that there are many different ways that students might approach design, and many different good design solutions. To provide students with a good design education, instructors must carefully scaffold the design learning experience, and must provide feedback to students on how they might improve their design solutions, as well as their design processes and design skills.
ASSESSMENT
Instrument development models, such as Messick's [4], provide guidance on developing instruments that are valid and reliable by going through an iterative process of identifying relevant theory and previous work, creating potential items for the instrument, gaining expert feedback on the instrument, refining the instrument and pilot testing the instrument. These validated instruments enable assessment.
ASSESSING DESIGN LEARNING
Assessing students' learning of design provides feedback to students on their learning and current understanding of design, provides feedback to instructors on students' understanding of design (and perhaps on the efficacy of the teaching strategies), and provides insights to researchers and evaluators studying design and the impact of different interventions on design learning. The instruments described in this section represent previous work done to develop instruments for these different purposes. These instruments will also be shared with attendees during the special session.
I. Design Process Timeline Tasks
For over a decade, researchers at the Center for Engineering Learning & Teaching (CELT) have refined the use of timelines for graphically representing and analyzing design process data. Timelines illustrate when particular phenomena occur during design processes and are used to facilitate visual inspection of the interactions and transitions among design activities and stages [5] . These timelines have proven to be unique drivers of insight into the design processes of engineering students and professional engineers. More recently, CELT has used timelines in engineering classroom settings as tools for students to reflect on and compare their design processes with those of other students and experts [6] . Used inductively, timelines can be used to expose students' conceptions, or misconceptions, of design processes, and initiate selfassessment of their own processes. Bailey and colleagues developed an instrument to measure students' understanding of the design process by asking students to critique another designer's process depicted in a Gantt chart [7] . This instrument has been adapted to measure K-12 teachers' and students' design knowledge based on their evaluation of a given process provided in the form of a simplified Gantt chart [8] .
II. Design Process Knowledge Task

III. Conceptions of Design Ranking Task
Adams and Fralick [9] modified a research-informed conceptions of design assessment task [10] to identify changes in first-year engineering students' understanding of design. Students were asked to rank what aspects of design they consider most or least important and explain why a highly ranked aspect is important, or not. Preliminary work suggests the instrument has utility as a small-scale yet robust assessment tool: it is easy to implement and analyze, requires very little of students' time, and results align with existing research.
IV. Problem Formulation Tasks
The problem formulation assessment tasks prompt students to identify what issues are important to consider for a particular design scenario and what kinds of expertise are necessary on the team to address these issues. One scenario focuses on disaster reliefs to assess an ability to formulate complex cross-disciplinary problems [11] , one on designing a retaining wall in a flood plain [12] , and a disciplinaryfocused scenario about a production line [13] .
V. Challenge Survey
This instrument is designed to measure students' development of problem solving skills as they engage in a design task though the challenges students identify at various time points in a semester. This instrument is presented in more detail in a different session at FIE 2011 [14] .
VI. Suite of Formative and Summative Tasks
Formative assessments prompt students to articulate and self-assess effectiveness of their problem scoping, concept generation, and solution realization design activities toward producing a design solution meeting varied stakeholder needs. Feedback guides students' process improvements.
Summative assessments evaluate quality of the defined problem, selected concept, and proposed solution with regard to solution requirements [15] .
VII. Human-Centered Design Task
A final design assessment included in this session is a task developed to assess students' human-centeredness in their design process. This task elicits students' knowledge and skills related to gathering information about stakeholders, and the extent to which the students value and incorporate this information in their design processes [16] .
IMPACT
An outcome of this session will be the mapping of the design constructs (including knowledge, skills, attitudes, etc.) and assessment tools. This will help educators and researchers better understand the tools that are available and how they align with the particular constructs they are intending to measure. It will also identify constructs for which there aren't currently effective assessment tools. The discussions and critiques of the current instrument and directions for assessment development will lead to future research collaborations. Ultimately, this session will equip educators with additional tools that are not only useful for assessing students' understanding of design, but useful as reflective tools that can promote student learning of design.
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